A. brasiliensis and data of this study provide a reference point for future evaluations and aid in conservation plans.
Introduction
There is a wider need for greater effort in research on disease in wild bird populations, especially in threatened species. 1 Health monitoring of these species should be encouraged being that, at local scales, infectious disease is a common driver of population declines. 2 Moreover, wild birds may carry or be infected with microorganisms that can affect their health and the health of livestock, pet animals and human beings. 3 The red-tailed Amazon parrot (Amazona brasiliensis) is listed as vulnerable according to the International Union for the Conservation of Nature Red List of Threatened Species. 4 This species is endemic to the Atlantic Forest, inhabiting southern coastal regions of São Paulo, Paraná and northern Santa Catarina in a narrow coastal strip. 5 Breeding areas are mostly located in small estuarine islands, and these facts make the parrot especially vulnerable to environmental disturbance. 6 Since 1997, the Society for Wildlife Research and Environmental Education (SPVS) has developed the red-tailed Amazon Conservation Project in an attempt to minimize population decline. 7 Environmental modification by human activities in Rasa Island destroyed many natural nests and the lack of tree cavities can limit the population growth of parrots. One of the efforts of SPVS is to build artificial nests made from wood ( Fig. 1A ) and polyvinyl chloride (PVC) (Fig. 1B) , and install them next to the lost natural nests in large native trees that have the potential to become future natural shelters along the coast of Paraná. Since 2003, the artificial nests have been widely used by the parrots for breeding. 8 In the case of the threatened red-tailed Amazon population, a health study is essential to address disease risk and to establish normal parameters previously unavailable, assisting the conservation of this species. 9 It would be also important to differentiate the parrots' microbiota in the different types of nests, since the avian gastrointestinal microbiota can be affected by environment. 10 No microbiological studies comparing wild birds from different nests under same conditions are available in the literature for parrot species.
A few studies reporting health status of wild psittacine species in southern Brazil have been described in the literature. 9, 11 Chlamydiosis is one of the main infectious diseases for the order Psittaciformes because this group has the highest positivity rate (45%) among birds. 12 Avian influenza virus (AIV), Newcastle disease virus (NDV), and West Nile virus (WNV) are three of the most important viral diseases in industrial aviculture and have a significant burden to public health. [13] [14] [15] Besides holding several bird migratory routes, Brazil is considered free from high pathogenic viruses of these viral diseases, and monitoring wild birds is essential to analyze virus circulation, because the risk of introduction is always present. Until now, wild red-tailed Amazon parrot populations in Brazil had never been evaluated for such viruses.
In view of the limited information available on the species, the aim of this study was to perform a health evaluation in wild A. brasiliensis nestlings in Rasa Island, Paraná, Brazil, by assessing the cloacal and oropharyngeal microbiota according to type of nest; and by evaluating the presence of Chlamydia psittaci, AIV, NDV-1 and -2 and WNV.
Material and methods

Study area
This study was approved by the Animal Use Ethics Committee of the Agricultural Sciences Campus of the Federal University of the State of Paraná, Southern Brazil (protocol number 050/2013) and by the SISBIO (number 41035-1). Sample collection was performed in Rasa Island, located in the Environmental Protection Area of Guaraqueç aba, Paraná, Brazil (Fig. 2) . It is a protected area with an extensive area of Atlantic forest, consisting of estuaries, islands, mangrove forests, plains, mountains and plateaus where the parrot breeds.
Sampling
Sample collection of A. brasiliensis was carried out concomitantly with the monitoring of nestlings during the 2013/2014 breeding season in five field expeditions (December to February). The nests on the trees were accessed using climbing equipment and ladders. The birds were taken from the nest and carefully sampled. The age was estimated, the nestlings were weighed, and immediately put back into their nests.
Blood samples were collected from nestlings from the superficial ulnar vein using 1 mL sterile syringes pretreated with 1000 IU sodium heparin for antibody test. The samples were placed in tubes and refrigerated for up to 24 h. The tubes were centrifuged for 5 min to obtain plasma, which was frozen at −40 • C until analysis for C. psittaci.
Cloacal and oropharyngeal swab samples were collected from nestlings for microbiological analysis and kept refrigerated in Stuart transport medium up to 48 h until analysis in the laboratory. Cloacal and oropharyngeal swab samples were collected for C. psittaci detection by PCR in microtubes containing 1.0 mL of PBS pH 7.4, and for AIV, NDV and WNV detection by real time RT-PCR (rRT-PCR) in 2 mL microtubes containing antifungals, antibiotics and glycerol. All samples were kept frozen at −40 • C until analysis in the laboratory.
Microbiological analyses
Samples were plated on brain heart infusion and incubated for 24 h at 37 • C. Subsequently, they were stored in 30% glycerol solution at −20 • C. When thawed, the samples were inoculated by streaking method on blood and MacConkey's agar media and incubated at 37 • C for 24 h for the bacteria grow. Later, the cultured bacteria were picked up for the preparation of smear, stained with Gram's stain and examined under microscope for staining and morphological characterization of the isolates. Catalase test were also performed in the cultured bacteria. Each pure colony was inoculated in triple sugar iron agar by stabbing through the center of the medium to the bottom of the tube and then streaking the surface of the agar slant and incubated at 37 • C for 24 h, for detecting carbohydrate fermentation and production of H 2 S and gas. Finally, the fermenting colonies were inoculated in an enterobacteria kit (Newprov -Pinhais, Paraná, Brazil) for biochemical tests at 37 • C, examined at 24 and 48 h of incubation. The kit provides the following biochemical tests: tryptophan deaminase reaction, hydrogen sulfide production, glucose fermentation, gas production from glucose, lLysine decarboxylation, indole production, decarboxylation of ornithine, motility, citrate as the sole source of carbon, and rhamnose fermentation. Identification of bacteria was performed according to manufacturer's instructions and the literature. 
Antibody tests
The presence of antibodies for C. psittaci was performed using a modified ELISA test according to manufacturer's instructions (ImmunoComb Avian Chlamydophila psittaci Antibody Test Kit -Biogal Galed Labs., Israel).
Conventional PCR
C. psittaci DNA analysis by conventional PCR was performed. Swab samples were vortexed for 2 min and centrifuged at 20,000 g for 30 min at 8 • C. The supernatant was discarded and DNA extraction was performed using a DNA purification kit (NucleoSpin Tissue -Macherey-Nagel, Germany) according to manufacturer's instruction.
The cycling was performed with a program of 5 min at 94 • C; 40 cycles at 94 • C for 1 min, 50 • C for 1 min and 72 • C for 2 min; and a final extension at 72 • C for 10 min, producing a 300-bp fragment. 17 Positive and negative controls were included and the PCR products were analyzed by electrophoresis on 1.5% agarose gels stained with GelRed (Biotium).
Real-time RT-PCR
One step rRT-PCR was carried out for detection of AIV, NDV and WNV. RNA extraction was performed using 150 L of swab samples, in which were added 700 L of NucliSENS easyMAG Lysis buffer (NucliSENS Iso kit -Biomerieux). After 10 min of reaction at room temperature, 30 L of magnetic silica was added in the solution, and the whole extraction process was carried out in automated equipment (NucliSENS Iso kitBiomerieux) according to manufacturer's instructions. Amplification reactions for AIV detection and detection of class I and II NDV using a multiplex rRT-PCR assay were performed. 13, 15 Specific primers and probes were used for WNV detection. 14 The cycling was performed in an ABI 7300 PCR System (Applied Biosystems) with a program of 45 • C for 20 min (reverse transcription); 95 • C for 10 min; 40 cycles of 95 • C for 15 s and 60 • C for 45 s.
Statistical analysis
An ANOVA analysis (at P < 0.05) was carried out to determine the influence of the type of nest on prevalence of bacteria in the nestlings by using Portal Action software. All data were verified for normal distribution by the Shapiro-Wilk test.
Results
A total of 74 nestlings were sampled from 38 artificial nests (21 wooden and 17 PVC) and two natural nests (representing 5% of the total). The 74 birds had estimated age between 25 and 56 days (averaging 42 days) and weighed between 275 and 540 g (averaging 420 g).
Cloacal and oropharyngeal swab samples were collected from 40 nestlings for microbiological analysis: 23 individuals from 12 artificial wooden nests, 15 parrots from 10 PVC nests and two parrots from two natural nests. An average of two nestlings per nest was observed. In the same nest, three birds were sampled in three artificial wooden and one PVC nest; two birds were sampled in the same nest in five artificial wooden and three PVC nests; in all other nests just one nestling was sampled per nest.
Cloacal and oropharyngeal swab samples were collected from 58 nestlings for C. psittaci detection and from 50 nestlings for AIV, NDV and WNV detection.
One hundred eighteen bacterial colonies were isolated from 73 samples of 40 nestlings, totaling 91.25% (73/80) of positive samples for enterobacteria. One species of gram-positive bacteria, Staphylococcus sp., was isolated from two parrots in artificial wooden nests. Colonies were not isolated from four cloacal samples of parrots in PVC nests and from two oropharyngeal samples and one cloacal sample of parrots in artificial wooden nests.
The prevalence of bacterial species obtained from cloacal and oropharyngeal samples according to the nest can be observed in Table 1 . There was no influence of the type of artificial nest in the birds' microbiota (P < 0.05). The nestlings in the natural nests were not compared because of the small number of samples.
All samples tested for antibody detection and by PCR for C. psittaci and rRT-PCR for AIV, NDV and WNV were negative.
Discussion
This study provides health baseline parameters for the redtailed Amazon parrot in the state of Paraná, Brazil. The results indicate that the microbiota of wild A. brasiliensis nestlings typically have gram-negative bacteria in its composition. Some literature states that normal bacterial flora of parrots is composed predominantly by gram-positive bacilli, 18 but the normality and significance of the presence of gramnegative bacteria is divergent, since some studies indicate that their presence does not imply disease. 10, 11 The avian gastrointestinal microbiota can be affected by many factors such as diet, age, environment, antibiotic administration and infection with pathogenic organisms. 10 Many microbiological studies include captive adult psittacine birds in the sample, 18 and high percentage of gram-positive and low percentage of gram-negative bacteria can be found. 10 In the present study, only wild parrot nestlings up to 56 days were sampled, showing high prevalence of gram-negative bacteria (91.25%). Young birds are still establishing their bacterial flora and the diversity of bacterial community increases when some avian species grow older. 19 Immediately after hatching, the digestive system of birds is presumed to be sterile and subsequently either passively or actively will acquire microbiota from the environment, such as nesting environment and food. 19, 20 In the case of parrots, the parents regurgitate food to their young, thus permitting a mode of vertical microbial transmission. 20 The influence of age (adult and young) and environment (captive and wild) could explain the difference in the diversity of bacterial community between the wild nestlings sampled in the present study and others researches.
In Brazil, the detection of gram-negative bacteria has been reported in asymptomatic wild A. brasiliensis nestlings in Paraná and São Paulo coast. 11, 21 In São Paulo coast, swab 2%) were also found. Similar species of bacterial colonies observed in the present study are consistent with the findings of these investigations, showing the normality of gram-negative bacteria in the microbiota of psittacine species.
All bacteria genera showed in Table 1 were observed in previous studies with psittacine species. 11, [21] [22] [23] [24] These microorganisms probably compose the normal microflora of this avian family, and the microbiological profile of the nestlings sampled was within normality. Concerning the different bacteria species, to our knowledge, this is the first isolation of Escherichia fergusonii and Citrobacter werkmanii in a psittacine bird.
Generally, the Enterobacteriaceae are considered secondary pathogens, but can function as the primary pathogen in certain circumstances, depending on the virulence of the bacteria and the host response to infections. Among Citrobacter species, C. freunddi appears to be the most pathogenic of the group, and the other species are less commonly encountered in birds and do not appear to have great health relevance, as well as E. fergusonii, already isolated from asymptomatic Brazilian birds. 25, 26 The genera Enterobacter, Hafnia, Serratia and Proteus are of low pathogenicity, and Morganella morganii and Kluyvera spp. are infrequent opportunistic pathogens in birds. 25 Differently, the species E. coli, Klebsiella oxytoca, K. pneumonia and Staphylococcus spp. can cause primary or secondary disease in avian species and have been associated with disease in Amazon parrots. 25 Pathogenicity and antimicrobial resistance tests could be used to assess the real risks of these bacteria to the red-tailed Amazon parrots' health in future evaluations.
Concerning the nests, the excretions of the birds can accumulate over time, increasing exposure levels of nestlings to fecal bacteria. Different materials used to build nests probably provide different environments for wild nestlings, increasing or decreasing the presence of microorganisms, but no researches have yet tested this hypothesis. 3 However, in the present study, there was no influence of the type of nest in the nestlings' microbiota, and more analyses using nest samples should be encouraged to elucidate the influence of the material in bacterial diversity. This would help to choose the best nest and to guide management measures. Unfortunately, artificial nests are still needed in the Rasa Island, since it is a small breeding area (10.5 km 2 ) for the parrots, and deforestation leads to a lack of sufficient natural cavities.
Analyses for antibody detection by ELISA and for DNA detection by PCR for C. psittaci were negative, as well as the analysis for RNA detection by rRT-PCR for AIV, NDV and WNV. The absence of pathogens such as C. psittaci can likely be justified by the isolation of the population studied, which mostly use islands for breeding, feeding and night rest. 6 On the other hand, this isolation and limited distribution of the parrots could be concerning, since island endemic birds probably have been exposed to few pathogens, 27 and emergence and introduction of diseases can affect the population dynamics and regulate its abundance. 1 Pathogenic organisms have been involved in numerous declines of endemic species on islands. 27 These facts reinforce the importance of establishing monitoring programs to allow early detection and prevent further spread of avian diseases.
Opportunely, the Environmental Protection Area of Guaraqueçaba is located within the most preserved area of continuous Atlantic forest in Brazil and is the largest conservation unit of the region. Much of the population of parrots is found in protected areas in Paraná, but the lack of supervision in the region enables the cutting of important tree species for reproduction, shelter and feeding of the parrot. 28 Besides this, these birds probably have less anthropogenic interference, less contact with human beings and domestic animals, and suffer less stress by environmental disorders, when compared to birds from other areas such as Pantanal, where modifications in the habitat are largely due to the planting of pasture for cattle. In this region, C. psittaci was detected in 6.3% (2/32) of wild Amazona aestiva by semi-nested PCR. 29 Environmental conditions are often a basic cause associated with disease emergence, persistence, and spread, and must be addressed to avoid disease. 1 Unlike conditions in the Guaraqueçaba area, the red-tailed Amazon parrot still faces great adversity in the state of São Paulo because of urban growth, deforestation and removal of nestlings by humans for illegal trade, and because of the lack of protected areas and lack of supervision. 5 These factors endanger the future of the species in this region and can affect their health. Sera examined from this species in the state of São Paulo using dotblot ELISA demonstrated 42.85% of 14 birds older than 10 days positive for antibodies to C. psittaci. 21 But this high percentage of positive animals can also be due to maternal immunity, which can last up to 2-4 weeks after hatch. 30 These results are not similar to the present study, in which all 64 nestlings serologically evaluated were negative for C. psittaci. This agent is considered endemic in Brazil and has been reported in captive parrots on outbreaks and wild prevalence studies. 29, 31 In the state of Paraná, C. psittaci's DNA was detected in 1.2% of the samples from 117 free-living A. brasiliensis nestlings analyzed by semi-nested PCR, 9 a low prevalence, which is in accordance with the present study.
The presence of WNV, AIV and NDV in parrots has not been detected in Brazil and is also consistent with the results of the present study. Psittacine birds vary in susceptibility for NDV, and some of these species have shed NDV intermittently for over 1 year and have been associated with introducing the virus into the poultry industry. 32 The detection of AIV from psittacine species is rare, occurring in captive animals, which do not appear to play a major role in the epidemiology of the disease. 33 Negative results of the present study may reinforce the little importance of these agents for psittacine species.
Concerning other countries, similar results to this study were observed in wild psittacine birds. Antibodies to AIV, NDV and C. psittaci has not been found in blue-fronted Amazon parrots (A. aestiva) in Bolivia. 34 Serologic testing in wild parakeets (Aratinga weddellii and Brotogeris sanctithomae) in Peru were negative to antibodies for C. psittaci and NDV, 35 and four species of wild Mexican parrots showed negative serologic tests for AIV and NDV. 36 The results of this study indicate that the red-tailed Amazon population located in Rasa Island is not infected by C. psittaci, AIV, WNV or NDV, and the data obtained is supported by previous studies involving wild psittacine species. Concerning the bacteria observed more information and studies are necessary for establishing their potential as disease agents for the parrots. The microbiota of wild A. brasiliensis nestlings is predominantly composed of gram-negative bacteria and was not influenced by the type of artificial nest. Unfortunately, few natural nests were found in the study area to compare the microbiota of nestlings between artificial and natural nests. Data not previously described for the species was reported here, providing a reference point for future evaluations and interpretations of laboratory findings in conservation plans. Health monitoring in threatened free-living species is an important tool when it comes to avian conservation and should be increasingly encouraged.
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